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RAncaROUNn OF THE I NVENTION 

Wftld of the Invention 

The invention proposes to iise a liquid eitiier simultaneously or s^entially ^th 
CO snJw ckS^^o^^in removal of foreiga materials (FM), e.g. particles and other 
^S-^teXm s^coBductor surfeces and other surfeces involved m precision 

""^"^It has been well established that for Ihe defect-fiee ^^-^^i^? f/j^J^Se 
circuits l^ minimom particle size that is considered to be a kiUer defect is 1/10 of the 
Se sSe S^S^dth in a complimentary metal oxide semiconductor based device), 
^ntiy the sS^^^-to^ mamrfacturing mdustry is at 0.115 mn technolog; nc^ 
S%ui tiiat the killer particle is larger than 0.0.115 urn. Such small particles ^e 
^ffi^ilTto reir^e since the ratio of the force of adhesion to removal increases for 

^ ^p^^r^o^^bZ^n particles, the primary force of 

si^ler Pf^^;^; , force which depends on the size of Ihe particle, the distance 

W '^^iZ^^t^T^L'Z:^^ H^eVanderWaalsforcefora 

5 spherical particle on a flat substrate is given as m eqn. 1. 

I Fah = Am dp 



^ 12Zo^ 

I where; ^^^^ ^^^^ ^^^^ ^^^^ ^^^^^ ^^^^ ^^^^^^ the surfece. 

S and ttie intervening medium. 

£ <L, is the particle diameta: 

g Zo is the distance of the particle from the surfece. 

The Hamaker constant Am is given as in (2) 

Am = Ai2 + A33-Ai3-A23 (2) 
Where Ag = (Aa*Aij)^ and A« is the Hamaker constant of material i. 

The Hamaker constant is theoretically calculated using either the LifsMtz or the 
London moS^^e Hamaker constant for particles and surfaces used m mtegrated 
SrnrS^urS processes is giv^ in Hteratore [1 ^J^-d^^-^rW^^^^ 
when the intervening medium is Uquid as compared to ^. The Van der waais lorce 
bS ^Sy propoSional to the Hamaker constant, therefore gets reduced wh^ thje is 
Si^TaySL^eentheparticleandthes^^^^^ ^^e' 
post via etch wafer with the FM on the surfece and mside the structure. 
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^'^e prior art involves ihe «se of CO. or Argpn 7°f«^f ,^1^°^^^ 
ftom surfed (Aerosol Surfece Processing, Rose et al., Pat#5,931,721, bubsttate 
SZ^oTand Apparatus. Aoki, Pat. #^.036 581; Pl^tore^t -^r^— 
removal using carbon dioxide jet spray. Bowers, Pat #5,853,962, A«osoi S>iMia^ 
SSng Rose et al.. Pat #6,203,406; High Dispersion Carbon Dioxide Snow 
SSiS Z^rPat # 5.775.127). In all of the above prior arts^e FMa^ r^v^ by 
chvsical force involving momentum transfer to the contaminants. Smce there is too 
cScal component to le cleaning mechanism, fliis process is i^effecfave ^or removmg 
^s^bmicrL particles and complex polymericr^^^^^ 

process The prior art entitled Aerosol Substrate Cleaner, Fishkm et al Pat #6,332 470 
E about using vapor only or m conjunction wifli high pressure hqmd droplet for 
SiS^^wLtor subLate. Unfortunately, the Uquid impact does not have 
StT— transfer capabiUty as the soM COa ^d ^-f-^*^^ ^ 
effective in removing the small particles for which the ratio of force of adheaon to 
iTcirrR^idue Renival by Supercritical Fhiids. McCullougi. et al.,Pat 
Stsi^^ of an idea of using cryogenic aerosol in conjunction with .^petcritc^ 
m add or Uquid CO.. Since CO2 is a non-polar molecule the solvati^ capability of polar 
O FM is sig^cantly reduced. Also since the Hquid or sup^critical CO. foni^ti<mre^^^ 
a hi^ prc^ (gc^ than 75 psi for liquid and 1080 psi for siq,ercntical). the equqmient 



SI becomes expensive. 



W mixture to ZL the Van der Waals force of adhesion (75o/o reduction for a sihca 
^^e ^ bare Si wafer when flie intervening medium between particle and surfece is 

? ethanol-acetone mixture as compared to air). - ^ *Trx>r rn» «mnw' 

S ■ The Uquid spmy on the surface will feciUtate the r«noval of FM with CO2 snow 

S cleaning where flie removal mechanism win be physical in nature. 

^^'^^^Ti^S^^l to utiUze the redaction of Van d. W^s force of 
adhesion by the introduction of Uquid fihn on the wafer smfece to aid m I^cle remov^ 
Syke physical action of the CO. snow spray. In wet cleamng. a ffV^SL b^ 
where tiie Uquid medium reduces the Van der Waals force which helps the physical brush 
cleaning process to remove the contaminants. ^wi^. 

One embodiment of this practice is spraying the hqmd ftoin a nozzLo 
spimiing the wafer on ^ chuck to form a thin layer of Uquid film ^J.^^^^^^. 
FoUowSg the Uquid spray, the CO2 snow spray could then be ^PPhed over the w^^ 
See for particle removal. Alternatively tiie liquid could be apphed tou^ a second 
nozzle by atomization or by condensation of a vapor onto tiie surface of tiie substrate. 



[1]. Particle Control for Semiconductor Manufecturing, Ed. R. P. Donovan, Maicel 
DeldcerInc.,NY,1990. 
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i [21 Handbook of Semiconductor Wafer Cleaning TecLnology, Ed. Werner Kern, Noyes 
PubUcations,NJ, 1993. 




